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A method of determining the base se = -tf 
hybridizing each of plural pnmers c ° m P"« X o fomTcompiex having a double-stranded portion 
stranded nucleic acid to be examined thereby to form a c °™P'e* f separately disposed in a 
comprising a portion of the template and the pnmer, tt,e plura primers *«ng^P ^ bstantja ,, y 
plurality of regions in accordance ^^J^J^J^XmOog^ to the complexes respect- 
simultaneously adding plural k.nds o ™^ de * °' ™ J Q °X reaction of the primer with the nucleic 
ively disposed in the plural £ 3' of the primer, the plural kinds of 

acid to be examined as the template in a directum id from » n l ° cleotides constituting the template in 
Kf^'.^c^W.SB SSfW n-leotides constituting the template; and a 
thfrd step of 'detecting the amount of the growth of the pnmers. 
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termination method developed by Sanger et al (Sanger, F -^^-^^^ g! J n ^ VMn (Maxam, 
Sci. USA 74: 5463-5467, 1977) and ^-^J^S? ^hl^K^S use .\n either 
A. M. and Gilbert, W.; Proc. Natl. Acad Sc.. U^ 7 *'*^'™'*^ are provided by using a synthetic 
of these methods, fragments of DNA(deox^bon^ 

or decomposing technique so that the resu ta nt f ragm ent^may having P various lengths; 
dye. etc., for the purpose of identifying the k.nds of the ™ fragmen ts from each other 

then the resultant product is subjected to gel elec " ° n 2 Z length thereof; and 

in an order of from the shortest fragment toward longe r^^ZTZ^iragJnUo.^ longer 
the kind of the terminal base of the ^f™^^ These methods have been 

fragments, whereby the sequence of the above ^^»™ e methods ernpIoys a separatio n tech- 
improved in various manners up to the present, ^l^^J^^ of tirne and e f forts . Accordingly, for 
nique based on electrophoresis, ^^^ZZ^ aTthe e e P uence of the entire human gen- 

^rSSCSSR method cajed ^sequencing » .j^*^. 
as "SBH") method" has been proposed (Bains, W and Smith ^.\*a ^28 1 989) 

mance, R., Labat, ... Brukner. .. and Crkve ^ ^^^^^^ is determined 

This method basica.ly has a ^2^^^^^--^ havi " 9 * ,enQth ^ 

by sequencing (or arranging) a composition comp«nQ r or a h DNA tQ be exarnine d. 

a length of oligonucleotide to a problem of single-stroke picturing 

The algorithm for the above sequencing may be attributec or reauceu h 

If a f iglre or diagram, which often arises in a P^£™£ ^'JS^SX^ determined 

with a probability of 95 /o on the pasis ot ine^. ^ pinmnt evVL and Mirzabekov, A., J. Biomol. 

(Pevzner, P. A., ^'^^^ n K ^S^^ whenXnuieotides having an 8-base length 
Struct. Dyn. 9: 399-419, 1991). In this method, for example wnen g be 

;n 65536 combinations are a single strand of nudeic acid 

determined, as shown in Figs. 1 2A and 1 2B. in tne actual O n aonuc | eo tides having length of k bases, 
to be examined is subjected to ^Hdizatio^ ^ the |ength 

thereby to find the resultant composite of F K . AccorAnsfr; " ha "J™ J™ about 180 bases cannot be used 
of 8-bases. a nucleic acid clone to be examined I lav.ng a f J^^nce 65536 combinations of 

for the hybridization with the above oligonucleotide s. Furt ^hermore 'J *» , „ preferred to f ix the 

oligonucleotides are used, in view of the Mt ^"^'^^^^ n9 a size such that it may be 

(Akira Suyama, "Protein, Nucleic Acid and Enzyme (m " ^ ^ idizat on . when one of the oil- 
lems is the problem of mismatch due to '^^^^^J^^L but is partial.y comp.emen- 
gonucleotides is not completely complementary to the nudeic ^c.dto be exa brid M jzed witn the nu0 | 6ic 

fary to the nucleic acid to a certain extent, ^^^^ ^tencL whth is'not originally included in 
acid to be examined. In such a case, ,t is possibly .that ^^ u ton fo the sequenoing or arranging. Fur- 
the nucleic acid to be examined, ,s ,nc uded o nnvo ved in t %j^™wnc** l<* *entical nucleotide 
ther. the other of the above two problems » the P r0 ^°^;f ^^^3 nuc | e icacid clone to be examined, 

puting (or arithmetic) algorithm. uniV ocally determine a base sequence to be 
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15 



20 



■ • o n men is hybridized with the above nucleic acid to be examined, partial 
when a primer ^^E^. ^^Sd to be examined are [ATG], [TGA]. and [GAT]. How- 

sequences (correspond to a tnme *) in ™*» d be determine d by arranging 

5 sequence of the nucleic acid to be examined: 
(Case 1) 

ATG 

TGA 

GAT, 

10 and, 

(Case 2) 

GAT 

ATG 

According, in suet case, the SBH method cannot univocally determine the base sequence of the nudeic 

acid r uses™ as ^ ^^^^^^^ 

theoperation ortreatmenttherefor.es ^compared ^^^^^^^ to to^ 

0f °™ jSS. Present invention is to provide a method of determining the base sequence of nucleic acid, 
which has solved the above problems encountered ir .the »«■ determining the base sequence of nucleic 

oeing capable of forming base pair with the nucleotide consisting the template, and 

a third step of detecting the amount of the growth of the P™~- , jn the f irst 

step, the plurality of nucleotides or nucleotide -^iS^^^^Si hereby to cause 
to be examined as a template, are T'TT^^X 3 of thl prime^one operation, in accordance 
the growth (or extension) reaction in the °'™t.onof ^^^ e ^^^^ wl ^at^s^ 
with the nucleic acid to be examined as ^^J^^ of each growth based on each 

corresponding to each of the ^2^I^ P««bn of the binding of each primer with 
of the primers disposed ,n ~* ^^^^^^0. s°nce the kinds of the primers disposed in 
| the nucleic acid to be ' h " e base sequence of the nucleic acid to be examined 

nrerra^Sewherethe—^ 

umns formed in a so-called "cap.llary plate * such 88 °? Q t ner and therefore the primers disposed 

the columns are disposed separately and mdependen ly f ^^°* W ' f^*J^ other. The "capillary 
in different regions (i.e., different columns ,n jJ^^^^^JiS which have been 
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<J 7n=.rr^^ 

ex»nin.d i. MMxhceg Wo M =«* column. *?£^'°^ l fZ^ Mm ^ u ^<*m,*v*>. 

luciferase is detected or measured. In such a case, tne ^ uanl ^ « h . th ^ the grown prime r and 

Alternatively, » „„ h ^ t<ic mmtpi lahplled with a fluorescent substance are added as tne 

kinds of deoxyribonucleot.de ; "'0 ho f hates J^> i^' sv stem and the growth reaction of the primer with 
above plural kinds of nucleotide analogues to the reac ^%^ e 7' a "J^^ ntioned p , ura , reg ions are irra- 
the nucieic acid to be exam as ^^^ thus'grown primer 

"dr=I^ 

given hereinafter. However, .t should be understood i that the drtde P illustration only , since various 

40 i0 ^^^X^^ showing a capH.ary plate to be used in an embodiment of the present 
inVen F !g° n 2 is a diagram for illustrating the arrangement of plural primers to be disposed in the capillary plate 
45 38 ■ETsS athematic sectional (partia.iy perspective) view for illustrating the procedure to be conducted 

appearing jj«|nW^ ^ ^ Qf ^ appMs for determjning . base se - 

so quence used in the First Embodiment 

ES T^SZZT^X - . — ■ - » - — » * 

^rjszirr^.^ Si «— — - • <- ™— 
55 ,o xn," rL.™* «««.n- (p.r.i* p«»«*») i- *» *• ,o m co " < '" c, •'' 
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vention ^^^^^ view lowing the structure of an apparatus for determining a base 
Seq n g nC 10B!s d SSSS2^««v-y transmitted having a wavelength longer than the excitation 

5 h9ht ^ V ^?s h showinq excitation light selectively transmitted. 

emitSfio:^rr a s 

10 B:rh £TSJi. a schematic view for ii.ustrating the conventional SBH method 

Fig. 12B is illustrating a procedure to determine the base sequence for a nude.c acd. 



First Embodiment 



1 . An amino group <-NH 2 ) ,s fixed t the «£^ f ^ masked , and the thus masked capillary 
g 25 the capiHary plate CAotherthan J^^^J^X^. Then, aminopropy. trimethoxysi- 

$ plate CA is placed in a closed or hermetic vessel sucn a )ef t ^ 

ing furnace) at about 1 60 °C, synthesized by an automatic syn- 
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[Formula 1] 
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10 



B , 



B n 



O 



15 
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\ n \; 



OH 



20 



B 1 



B n 



25 



30 



35 



H? N (CH 2 ) 2 NH 2 

Carbodi imide 
PH5J 



- 9 

O v il 
NH 



(C H 2 ) 2 



H 2 N 



\ 



/ P 



\i 



OH 



• denotes an n-th base group selected from A (adenine). T (thymine), 



In the above Formula 1 , "B a 
G (guanine) and C (cytosine). ranable of forming a covalent bond 

following Formula 4. 



[Formula 2] 
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[Formula 3] 
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[Formula 4] 
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other. In such a case, it is preferred that a COOH group is co|umn {he 

are crosstinked to each other. 

[Formula 5] 
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[Formula 6] 
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Further, when the bi f unctiona. crossiinKer and the 
the addition thereof (i.e., when the laminated pnmjr " f words, the 
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[Formula 7] 

Glass-linker 

Glass-linker + aminated prime: 
Glass- linker-primer 



Moreover, a primer may be efficient* fixed to an -SH group which has been introduced into each of 
the columns, by use of a procedure represented by the fol j^1-3^ an 



40 thereto. 

[Formula 8] 



fherebitwee n b ;Tp C H?rlhe thus obtained product is represented by the fo.iow.ng Formuia 9. 
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[Formula 9] 



N a 0 3 S 




— C H 




3. Each of the primers which has been activated ^ 

gr0 up to form a covalent bond. Ao«dngly . I'^toTSumn as shown by the fol- 

into the respective columns (at pH6), the activated primer is f ixea to me w 

lowing Formula 10. 



[Formula 10] 
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.nthe above-described columns of capillary p^^^^ 
to provide oiigonucieotide compositions as s .own „ Rj ^ZX^ ^Z th'e column'by in- 
the primer) to be injected into the column. ■ aa c ' P*™ may J^™^ ap J paratus int0 the column, and 
serting a primer injection needle connected to ^J^^^^™^* conduct electrophoresis, 
appiying an electric field ^'^ f^^S S into each column as shown in 

a- '"ccT and en,ar9ed to 

SemScaHy show the resultant state, .n Rg. 1. ^^V^^K^ (forexampie. into 
(2) Then, into one of the columns in the «^'^^^ , ^^^.^ un k™ Mm sing.e-stranded 
the coiumn having the prim* with ^^"^^^ 

nucleic acid to be examined (for example, on. .havmg a b ^^™^^ ( ^ wtth the 

3). Based on such introduction, the pnmer d sposed ^»^ U ™J^ has not been hybridized with 
nudeic acid to b. «-n*-d. Thence juj™ ^^l\ ac u column (Rg. 4A) so as to 

the primer is washed out Thereafter, a " descriDed be)0 w. The buffer solution used 

facilitate a polymerase reaction and a lucferase react™ as ^cnbea d luc0S6i APS , luciferin; 

herein may c^mpriseone such as buff^ 

TRIS-hydrochlonc ac. U tc as a P H-buff «>JJJJ^ ^ 2 ol rase reac , i0 n or luciferase reaction; 
S^o^ng the enzymes P ro t = 

(3) ,nto each of the columns ,n wh.ch ' he nucl ^ p C '™ e ^ T p and dCTP) are simultaneously added to- 
contained therein, four kinds of ^^l^™^'^*^ deoxyribonucleotide units (mono- 
gether with DNA polymerase as a %^^^^lZ n0)) complementary to the respective 
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^T.^tK^S?^ < ppi > ,s rr, ? 

moles (n = 5, in the reaction rormu.a v . / * accordance with the fol- 

(4) The substrate or reagent iur u.c contained in the measurement system, they 

dATP which has remained in the column is caused to release Pi tnereoy to proauo* 

with the following reaction formula (2). 

dAT p _^ dADP + Pi Reaction Formula (2) 
(5> Then when ATP sulf urylase is added into each column, PPi remaining in the column ,s caused to react 
w hTsL as to provideATP in accordance with following reaction formula<3), as shown ,n F,g. 4D. 
ppi + APS -> ATP Reaction Formula (3) 
At this time, APS still remaining in each column even after the above reaction may be decomposed 

■7 ,11 H^rl ho* DB for observing the inside of each column formed in the capillary plate CA, a CCD 

* as sh ° w " in F ' 9 A ^p + n _ oxvluc iferin + AMP + PPi + C0 2 + light Reaction Formula (4) 

lucfenn + ATP + ^^^^bed above is proportional to the amount of the PPi which 

shown in Fig. 2 as described hereinabove. (rT „. rr . 0 Ai rnAn fACGl and 

Sh ° W More specif ically. in the columns corresponding t ^^^^ 0 ^^J&^ 
[GAT], the emissions of light respect.ve y ■ hav.ng ^^^^^ smallest quantity of emission 
= —^ZS™£ ^JT^L, a sing.e-stroKe picturing a,- 
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15 



f xprArrsAT which has been formed on the basis of 

tary to such a sequence, the nucleic acid to be e ^' n °°J" ; . thoftneprimers after the growth thereof, 
\sdescribed above, ^sed on measurement o he ex,^ 

mutual positional relationships among ^^Sa^S^or^p™oi.iM of such measurement, 
acid to be examined may be determined within the de «^ " < ^^ 0 ^ 8pond ,n fl to k-bases or small- 

when such deteLned at this sta9e - 

Fig . 7 ^- S G a c m accTc GA y GGTTAAGCGGGATATCA C T CAGCAT^ICGCCC-CGAGTG A CC 



4 
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35 



1 



GGCAGCAAAATGTT-5 * 



with primers ofSmerdisposed^ 

of the nucleic acid to be examined by measunng he ^"^^^^ to ftta ^,^4 of th. pre.- 
a primer growth reaction. As descnbed above by use of the met hod "™»na determine the 

ent invention, even when the nucleic acid to be ^'^"jJ'S^'.X'it. of longer primers to 
base sequence of the nucleic acid within a reasonably short penod o f tan ^ ^ 
20 be disposed in the respective columns. In addition , w en sue ^^JJ^S tne posmn l of the 
is used, it is possible to determine or measure not jble t0 determine the 
binding thereof with the nucleic add to be ?he nucleic acid to be ex- 

determine the sequence of a portion by utilizing a above method. In ad- 

SBH method, even when the sequence of su ° h * it is prererred to fix oli- 
dition. in a case where precise and simple measurement * matrix-like member having 

gonucleotides (such as those of 8 mers) ^^^JZ^^^a^^ or nudeic acid into 

added to the nucleic acid to be examined substantially simultaneously. 
(Experiment Example 1) 

,theabovegrowthrea« 

onepyrophosphoricacid molecule » £' h e p !?ophosphoric acid which has been released 
be determined by quant,t a t,vel y measuring ^e arn^ 

on the basis of such reaction. An example of capillary plate to be used to an ^ 
(e .g.. one having one million compartments) is ^S^ZS!^^ invention was conducted 
Accordingly, an experiment for e *P enm ° nta ^ d *™^^^ on pyrophosphoric acid released 

by using three test tubes, and the 7'^;^ primers was not con- 

from the nucleic acid to be examined was detected and meas "^ Q " er * xperirnent , pyrop hosphoric acid 

Ttenl—t TaS was d U eteL a d on the basis of a light emission reaction utilizing luciferase. 
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(Materials and methods) 
<Reagents> 

* Glycerokinase-f ixed Sepharose beads 

(i.e., Sepharose beads having glycerokinase fixed thereto) 

Hexokinase-fixed Sepharose beads 

ATP suifut ylase-fixed Sepharose beads 

AP sulfatase-f ixed Sepharose beads 
10 Luciferase-f ixed Sepharose beads 

Single-stranded DNA having 224-base length, 
(multicloning site of a bacterial plasmid) 

Reverse primer 

KS primer 

is DNA polymerase glucose, glycerol: 10 mM each; APS: 1 

,0 " Tl,. .b~. »vrse p*~ h.d a ba.e ..quenc. of [S-AACAGCTATGACCATG.31 ,no the KS p».r h.d 

[3 • — TTGTCGATACTGGTACTAATGCGGTTCGCGCG 
TTAATTGGGAGTGATTTCCCTTGTTTTCGACCCATG 
GCCCGGGGGGGAGCTCCAGCTGCCATAGCTATTCGA 
ACTATAGCTTAAGGACGTCGGGCCCCCTAGGTGATC 
AAGATCTCGCCGGCGGTGGCGCCACCTCGAGGTTAA 
GCGGGATATCACTCAGCATAATCCGCGCGAGTGACC 

GGCAGCAAAATG-5 ' ] 



25 



30 



Experimental lnstruments> 

A SSSSS^ gating sphere ecuipped with a measurement hoider for test tube 

An universal photon counter(Hamamatsu Photonics K.K.) 

^ <Experimental Operation> 

' ■ 45 First , three test tubes (a to c) were provided, and the foi, owing soiutions were poured into the respective 

i test tubes. 

m a) dNTP buffer solution (100 i^l) 



50 



55 



2 Z? 522 lo u o 5 . singie-stranded DNA (2 picomoi), KS primer (1 picomoO 
Then, each of the ^^^^^^^^^^ was added thereto 

s^^r^^^-^ « — — - test tubes were reserved on 

suspensions of enzyme-fixed Sepharose beads were^dd^ in ^^^7^^ 

pernatant liquids was transferred into a new test tube. 
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1. Glycerokinase-fixed Sepharose beads 

2. Hexokinase-f ixed Sepharose beads 

3 ATP sulf urylase-f ixed Sepharose beads 

£3- « -red w«h respect » « <2TSS n'th. rTra. prime, and me KS 

In otn.r words, it w«s expected that lite lengths ol the growth bsseo on™ v 

prime, by hybridization with the „bo«. nedeic acid » ^1.^ *. 5SS3on?^d 

Ml. of the baa. wence of the nocleic acid to b» ^^iy. AoSrdinjiy. the above 

named along with the hybridization were expected to be 208and 127^ » » » w >n 

that the backbond Remission may be 

b r^=.-nX™ 

time. Accordingly, it is possible to determine ^^.^^^^^ of nuc , elc acid, even when the 

that the binding position therefor has not been identified. 
Second Embodiment 

° B 7i?in,hesamem,nn.,..inR,.™^^ 

„mn. fomwl themn .. shown ,n F,g 1 » i" „ ,». „bo °. weak* oolemne. Mo,, .pe- 

comblnatione comprising k base. plural primers are fixed into '""?"'*' ' , M ^„ mn , 

ciflcally trim.™ (3 mer.) of all of the combination, containing A, T. G, and c. are meo into o 

the column having a primer with a sequence ol -[GACL "" kn ° w " * f introduce d (Fig. 8). Based on such 

amined. Then, the nucleic acid to be examined wh,ch facilitate a polymerase 

^nTd?,^^^^ 

™ecZrL ,n which me n T ic acid » - ™? ^«SST * 

he Primers contained MM,, four kinds . - »■ °„ m... deoxyribc 
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Derated into the column to which the primer having a sequence of [TGC] has been fixed ir 'accordance 
—lowing—^ 

(5)) are respectively incorporated. ^ao\ + n v PPi Reac- 

template-primer + n x fluorescent-dNTP - template-(primer * n * fluorescent-dNMP) + n x PP. Reac 

tion Formula (5) 

(4) Thereafter the resultant capillary plate CAis placed in a dark box DB as shown in Fig. 10A wh,ch con- 
st itutes an Apparatus for determining the base sequence of nucleic acid. The apparatus for M»n»nmg 
tne base sequence of nucleic acid as shown in Fig. 1 0A comprises: the dark box DB1 for hous.ng the ca- 
pi^y Plate CA so as to shut off external light; an excitation light source 70 (such as Xenon lamp) or sup- 
pCfng^xcitatlon light to the capillary plate CA; and a CCD television camera 10 disposed on a surface on 
r\no «irie> of the dark box DB1 for picking up an image of the capillary plate CA. 

Further ^t^Sn llQli-U-S-nlwliQ f Ut^OO I. dlvo^d b^^n th. -"•^XV^S'-JSSS 
the cSary plate CAso that among thelight component having various wavelengths, one havingas^ 
wavSKor example, one having a peak wavelength of 450 nm) rJ^^ST. lucres* 
Sn in Fig. 10C to irradiate the capillary plate CA with the thus transmitted I hgh t In add fon a fluores- 
ced- ranlitting filter 60 is also disposed between the capillary plate CAand the CCD teievis,on camera 
Z To having a waveiength longer than the fluorescence wavelength (for example, wavelength 

o? 5 oS rnXr) is selectively transmitted the filter as shown in Fig. 108. As the excitation hght source 
TO an uKra-high pressure mercury lamp 701 as shown in Fig. 10D may also be employed. 
SAftertnei 

{ 2^SS^mSo r example, light having a wavelength of 450 nm) emitted from the excite ior , gh 
sole 7oTs supplied onto the capillary plate CA, and an image of fluorescence ,s T^eM 
fmage of fluorescence obtained by such observation is the same as the above-mentioned ,mage , shown 
™?g 6A and the sequence of the nucleic acid to be examined may be determined ,n the same manner 
Ts descrYbi in First Embodiment. More specifically, the amount of growth of each primer .s Proporhona. 
to the ^rnoun of fluorescence emitted from the fluorescent dye involved in the above growth reaction. 
Since theTmer used herein grows or extends only in the direction of from the 5'-end to the S'-end thereof 
t^SSI^L of the hybridization of the nucleic acW to be examined with the prime, and th< > position 
oTbinding oTSie nucleic acid to be examined with the primer may be determined The arrangement of the 
primed -n the columns of the capillary plate CA is the same as that shown ,n F,g. 2, as desenbed herei- 

Mo^pecif ical.y, in the columns corresponding to the primer sequences of [TCG], [CGA], [GAC], [ACG] 

Lch a method may also determine the base sequence of long-chain nucleic acd as shown , .r, , F,g 7 

HvbHd Son and light (fluorescence) emission which is proportional to the position of the binding of a 
Drimerw^h nucleic acid to be examined have been confirmed by using the following experiment wherein one 

of ^orescent dye-dNTPs (i.e., fluorescent dye-dATP. fluorescent dye-dTTP, f.uor^ 
JgJP and floTescent dye-dCTP) was actually introduced into respective colum " s ^ etherw,t rt h ^^ n ^ 
merasfas a catalyst, and the four types of dNTPs are added to the nucleic acd to be examined substantially 

simultaneously. 
(Experiment Example 2) 

The amount of dNTPs to be incorporated into the nucleic acid along with the growth reaction was quanti- 
tativllv measured When dNTPs were incorporated into DNA in the growth reaction catalyzed by DNA p*y- 
rr^^^fea^Wnd of fluorescent dye-dNTP was used instead of a part of or all of the dNTPs to be used 
merase at least one k y . dUTp (or rhodarn ine-4-dUTP) compatible with dTTP was partially 

r:twh~ 

fixed on a wall of the column, etc., in order to remove the unreacted fluorescence- abelled d ^^^"J'"J; 
!n this Example, as an alternative operation, the washing was conducted after the fixing thereof onto magnetic 

beads. 
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(Materials and Method) 
<Reagents: 



plasmid) 

Reverse primer 



10 



WashinVsluo" (10 m^Tfl-hyd^raone (pH 7.5), 2 mM-EDTA, 1 W-NaCI) 

80 % formamide aqueous solution 
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^ Experimental lnstruments> 
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A test tube holder equipped with magnet 

A thermostat oven for PCR (polymerase chain reaction) 

A fluorescence spectrophotometer 



Experimental Operations> 

First, two test tubes (a and b) were provided, and the following solutions were poured into the respective 
25 t6St a) dNTP buffer so.ution (50 p.), single-stranded DNA (1 picomol). DMA polymerase (1 unit), reverse primer 
f, Snuffer solution (50 p.,. sing.e-stranded DNA (1 picomoi). DNA polymerase (1 unit), KS primer (2 

at 4 ° c - ~ ■» aa~a ^ th<. roci iitant mixture and subjected to stirring, and each 

Thereafter, magnetic beads (50 pi) were B ^^ a ^™^ m B ^ n itar* liquid was removed by using 

thereby to elute a grown compleme n ^ ry st ^ nd ; d w|th a magne t, and the resultant supernatant liquid 

Then, each tube was again set in the holder e quipped wl ™ a ^ ' a cuvette for a 8pe ctrophot- 

containing the grown complementary strand ^^^J^Sj^h^ln was that having a wa- 
ometer, and a *k™«™...P^^ or that having a wavelength 

velength of 488 nm in the case where the ''"^^^"^^n,,. Fig . „ shows fluorescence spectra 
of 540 nm in the case where the fluorescent dye com ^ ^ m ^f forthe purpose 0 f measuring the 
of DNA which has incorporated the f luoresce '"<^ at 520 nm and 580 nm 

length of the growth by using the fluorescence dye, the intensi hes of th ^ ^ 

were used. As a resu.t of measurement of these f '^scen ce intensities feuanft y ^ ^ ^ 

fluorescein was used as the fluorescence dye. a ^° res ' en ' e 'Ta nda florescence intensity of 1.71 (a.u.) 
served with respect to the test tube (a) containing the reverse ^■^ a ™^^ > when ^ rhodamine 
was observed with respect to the test tube (b) ^ n ^ln0 oTa u > 2 observed with respect to the 
SET r ^ p=^.=^ -ity of ,28 ( ,u.) was observed with re- 

growth reactions in the test tubes (a) and (b)) was about «. wn 2Q8 ; 12? 
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(about 1.9) with respect to the '^i'a'riwth based on the reverse primer and the KS primer 
f luc.c.nt inumtto. to a con.id.rabl. .xt.nt. «-".<««>«" " °' ^ "™^„^ ,„„ miaic add 

0,) Amethod of measuring the amount of bases which are incorporated into nucleic acid in the growth re- 

^S^^^p!S*'i *• ™ i ° f emission is proportional to the t ou v 1 the ,T w LTno 

thSorete tds of the primers bound to the nuc.eic acid to be examined and the colons of the b.nd.ng 
variations are notto be regarded as a departure from the spirit and scope of the -nvenhon, and a., such mod 
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'^^'basic Japanese Application No.6-006971/1994 fi.ed on January 26, 1994 is hereby incorporated by 

reference. . , ~ RH anH sHOM methods (Bains, W and Smith, G. C, J. 

Further, papers relating to the above-mentioned SBH ^^^^^ R., Genomics 4: 114- 
Theor. Biol. 135: 303-307. 1988; Darmance R Labat . B y. P., Khrapko. K. R. 

incorporated by reference. 

Claims 

TnT^rpSCrno?! 

disposed in a p.urality of regions in accordance w.th ^^J^™ nudeotides or nucleotide 
a second step of substantially sl ^ nBOU * y .^' nfl nI *! | P "SonT thereby to perform growth (or 
analogues to the complexes respectively -■»«rll^ | Ji2^* n 7!^ in a dtection of 
extention) reaction of the primer with the ^J^^^^^^^^co^^m^ 

r u ^^^ — base pair with - 

2 A method of determining the sequence of nuc.eic acid according to Cairn 1 , wherein the p.ura. regions 
are provided by respective columns formed in a capillary plate. 

A method of determining the sequence of nucieic acid according to Claim 2, wherein the capi.lary piate 
comprises a glass material or a silicon material. 
A method of determining the sequence of nucieic f 

amount of the growth of the primer is ; determm ^ b Y ca-,ng APS <a£no.<ne£ P P ^ 
wfth pyrophosphoric acid which ATP (adenosine triphos- 

r:rr d etz e c:a^ 



ATP. 



45 mers. 

7. A method according to claim 6 wherein the number of primers corresponds to al, possible base combin- 
ations of the chosen primer length. 



55 
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Fig. 2 
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Fig. 3 



EXTENSION 




41 



p ig .4A Fig.4B 



BUFFER 
SOLUTION 



(INITIAL 
STATE ) 



EXTENDED 
PORTION 



Fig.4C 

0 GLYCEROKINASE 
oo FIXED BEADS 

r> O 





Fig.4D 



ATP 

SULFURYLASE 
o 0 




(EXTENSION (REMOVAL 
REACTION) OF ATP) 

PPi RELEASE 

LUCIFERASE LIGHT EMISSION 

Fig.4E oV FIXED BEADS O fig.4F 



hi 



u 



(DECOMPOSITION OF 
RESIDUAL APS ) 



(STEP OF OBSERVING 
OF EMISSION) 



20 



BNSDOCID: <EP 066S293A2J_> 



EP 0 665 293 A2 




BNSDOCID: <EP 0665293A2 J„:> 



EP 0 665 293 A2 



3$ 



Fig .6A 

(GAT) 



o 


o 


o 


~o~~oTcTo : j?r 


o 


o 


o 


o © o o o 


o 


o 


o 


o o o o o 


o 


o 


o 




o 


o 


o 


o. o o o o 


o 


o 


o 


o o o o o 


o 


yV 


o 


-to o o 


o 


p 


o 


_oJo_o_o_o^ 



CCGA) 

2.5(*) 



{6AC3 



-CA 



CACG) CTCGl 

NUCLEIC ACID TO BE EXAMINED 
AGCTGCTA 

Fig .6B 

CTCG] (CGAl (GAC) CACG) (CGA) (GAT] 
6 * i 2 * o 



o 

2 
3 
* 
5 



4i 



GAT 

(*) 
ACG 
GAC 
(*) 
TCG 

TCG ACG AT 
AGCTG CT A 



22 



BNSDOCID: <EP 0665293A2_I_> 



EP 0 665 293 A2 



Q 
UJ 

< 

X 
UJ 

LU 
CD 

O 

o 
< 

o 

UJ 

—J 

o 
3 




ro 

I 

8 

(J 
O 



to 



ro 
i 

o 



o 
o 
o 
o 
I 



rO 

i 



ro 

6 

I 

\n 



ro 
i 

O 

o 
o 
e> 

i 

t 



UJ 

cr 
< 



y 

o 

C UJ 

or 

< ^ 

p UJ 
UJ 3 

2< 

uj a: 
—I cc 

€L < 

qcc 

o UJ 

o < 
W o 

w£ 

2 UJ 



to 
< 



15 
u 

6 

< 



UJ 

<n 



CO 



UJ — 

co Q 
< o 

CD < 



I 
I 



o 
St 

5 

p 



o 
o 

I 



23 



BNSDOCID: <EP 0665293A2„L> 



EP 0 665 293 A2 



Fig. 8 



EXTENSION 




Fig.9A 



BUFFER 
SOLUTION 



1. 



Fig. 9B 

FLUORESCENCE 
DYE - dNTP 




EXTENDED 
PORTION 



(INITIAL STATE) 



(EXTENSION REACTION) 
pp i RELEASE 



24 



BNSDOCID: <EP 0665293A2J-> 



EP 0 665 293 A2 




BNSOOCID: <BP 0665293A2J_> 



EP 0 665 293 A2 




26 



BNSDOCID: <EP 0665293A2J_> 



BP 0 665 293 A2 



Fig. I2A 
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Method of determining base sequence of nucleic acid 



(57) A method of determining the base sequence of 
single-stranded nucleic acid ; including: a first step of hy- 
bridizing each of plural primers comprising oligonucle- 
otide with a template comprising a single-stranded nu- 
cleic acid to be examined, thereby to form a complex 
having a double-stranded portion comprising a portion 
of the template and the primer, the plural primers being 
separately disposed in a plurality of regions in accord- 
ance with the kinds of the primers: a second step of sub- 
stantially simultaneously adding plural kinds of nucle- 



otides or nucleotide analogues to the complexes re- 
spectively disposed in the plural regions, thereby to per- 
form growth reaction of the primer with the nucleic add 
to be examined as the template in a direction of from 5' 
to 3' of the primer, the plural kinds of nucleotides or nu- 
cleotide analogues being complementary to nucleotides 
constituting the template in the complex, and being ca- 
pable of forming base pair with nucleotides constituting 
the template: and a third step of detecting the amount 
of the growth of the primers. 
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